Abstract
Introduction

40
Human activities are resulting in the loss of alarming numbers of species both regionally 41 (extirpations) and globally (extinctions), with some scientists referring to the current era as the 42 'sixth mass extinction event' in history (Pimm et al., 1995; Stork, 2010) . The fossil record 43 indicates that there have been fewer mass extinction events for plants than animals in the past 44 (Willis & Bennett, 1995) . However, since the arrival and settlement of humans, a combination of PrePrints time for conservation, it would be impossible to implement conservation measures for the 49 298,000 plant species estimated worldwide (Mora et al., 2011) , only a small proportion of which 50 have been studied (Vié et al., 2009 ). To best conserve the plant species remaining, strategies are 51 needed to identify and focus efforts towards those species that are likely to disappear fastest and 52 therefore need help most urgently.
54
Certain life history, ecological, and morphological traits appear to make some organisms more 55 vulnerable to human activities than others and, where direct vulnerability information is limited,
56
could be used as proxies to identify understudied plant species in need of conservation action.
57
Although relationships between plant traits and vulnerability have not been studied as well as in 58 other taxa, at least 80 of 118 plant traits assessed seem to have some relationship with at least one identified traits were only examined in a single study and, among those examined in multiple 63 studies (e.g. plant height, seed size, growth form), their relationships with vulnerability seem to 64 depend on the scale and context of the study (Murray et al., 2002) . For example, shorter plant 65 species were more likely to go extinct than taller species after European settlement in New
66
Zealand (Duncan & Young, 2000) , but taller species are more likely to have a threatened status 67 among legumes (family Fabaceae) on a global scale (Bradshaw et al., 2008 seed size ("seed mass", "seeds per pound", and "seeds per unit") so we converted each into 102 weight per seed (in grams) and combined them into a single "seed weight" trait, using averages 103 for any species with more than one value. We also combined two traits that indicate whether a 104 plant species has some commercial use ("commercial availability" and "uses") into a single
105
"commercially used" trait, assigning each species to a category of either "used" or "not used" indicates that three categories are "threatened" (VU, EN, CR). Although there were few species 124 within the two extinct categories (EW and EX), we also assigned those to our "threatened" 125 category, assigning all others to a "not threatened" category (LC, LR, NT).
127
Analyzing relationships between plant traits and extinction risk categories
128
To identify relationships between species plant traits and the probability of being in a threatened
129
Red List category we used generalized linear mixed effects models (GLMM's) and a stepwise We fitted GLMM's to the plant trait and vulnerability data using the 'lmer' function from the PrePrints including taxonomy as a nested random factor in each GLMM (phylum/class/order/family). We 144 did not have sufficient replication within genera to include genus in the nested random factor.
146
To identify individual plant traits associated with threat risk that should be considered in more 147 complex models, we compared models with and without each trait. In each case, we compared 148 full models (including the trait with taxonomy as a random factor) with reduced models 149 (including only taxonomy as a random factor) using the 'anova' R function (R Core Team, 2013).
150
We calculated the percent deviance explained by inclusion of each trait in the model and retained threat risk than forbs/herbs or graminoids (Fig. 1a) . However, low temperature tolerance 204 explained more of the deviance in threat risk (17%) compared to its null model, indicating that 205 plants that can withstand colder temperatures are less likely to be threatened (Fig 2a) .
206
Furthermore, plants that survive multiple seasons (perennials) were more often categorized as 207 threatened than annual species (Fig. 1b) and those that have denser foliage in the winter were at 208 greater risk than those with sparse foliage at that time of year (Fig. 1c) . Finally, plants that need 209 deeper soil for good growth had higher probabilities of being in a threatened IUCN Red List 210 category (Fig 2b) . 
